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BCS from 1952-57: A Personal HistoryCS o 95 5 e so a sto y

Before the Creation: Two steps on the road to BCS--the p
polaron wave function and the effective electron 
interaction that leads to superconductivity

The Impact of BCS: I Princeton: from early February toThe Impact of BCS: I. Princeton: from early February to 
May, 1957: Explaining the Matthias “rules” for where 
superconductors live 

The Impact of BCS: II. Copenhagen: Summer, 1957: 
Nuclear Superconductivity

John Bardeen’s experiment-based approach toJohn Bardeen s experiment-based approach to 
theoretical problems--a paradigm for BCS and high 
T_c 



Polarons: From 1952 in Urbana to 1957 in NYC
The motion of slow electrons in polar crystals is substantiallyThe motion of slow electrons in polar crystals is substantially 

modified by their strong coupling to the crystalline optical 
vibrations. The dimensionless coupling constant that 
characterizes that interaction is typically from  ~ 3 to 6, so 

t b ti th f il d t b ti th dperturbation theory fails, and  non-perturbative methods  are 
required to understand the behavior of the polaron—the  
electron plus its co-moving cloud of phonons that increases its 
effective mass.effective mass.

Bardeen to DP: Can obtaining a better description of such strong 
coupling provide insight into the role that electron-phonon 
coupling plays in bringing about superconductivity? See what p g p y g g p y
you can learn. 

DP to T.D Lee: Can we adapt Tomonaga’s variational approach to 
the “intermediate coupling” problem of a nucleon coupled to 
mesons to the polaron problem of an electron coupled to 
optical phonons? Yes, we can and  so  a obtain reasonable 
ground state energy and polaron effective mass

F i L T D L d DP di d i l d lFrancis Low, T.D. Lee, and DP: discovered  a simple and elegant 
expression  for the  polaron wavefunction, that resonated with 
Bob Schrieffer in the NYC subway four years later 
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A Collective Description of Electron Interaction in Metals: 1952-54

*In Urbana, I continued to work by correspondence with David 
Bohm (Sao Paolo) on  writing  up my Ph.D. thesis work that 
established plasmons as the dominant long wavelength 
excitation in metals (and most other solids) and subsequently 
made it possible to justify the widespread use of the 
independent electron model and calculate the corrections to 
its electronic properties coming from the screened Coulombits  electronic properties  coming from the screened Coulomb 
interaction 

*I then started work on extending that description to the coupled 
system of electrons and phonons with the goal of explainingsystem of electrons and phonons with the goal of explaining 
how, in the face of a much larger Coulomb interaction--L.D. 
Landau-”you cannot repeal Coulomb’s law”--it was their 
coupling to phonons that determined the superconducting 
transition temperature

*The “aha” moment with John Bardeen that led to our derivation 
of the interaction responsible for superconductivityp p y











John Bardeen and David Pines, “Electron-Phonon Interaction in Metals,” Phys. Rev. 99, 1140 (1955).



The 1954 Solvay Congress

*I reported on my work with Bohm, my justification of the independent electron model 
of metals, and my  work with Bardeen  in the opening talk at the Solvay Congress on 
“The Electron Theory of Metals”
*In the audience were Lawrence Bragg,  Christian Moeller,  Neville Mott, Lars Onsager, 
Wolfgang Pauli John Van Vleck Herbert Frohlich Charlie Kittel Bernd MatthiasWolfgang Pauli, John Van Vleck, Herbert Frohlich, Charlie Kittel, Bernd Matthias, 
Pierre Aigrain, C.J. Gorter, Ilya Prigogine,  Brian Pippard, Jacques Friedel
*I began by noting that our results showed that Heisenberg’s attempt to use the long 
range part of the Coulomb interaction to get superconductivity could not work, and that 
th i t ti ibl f d ti it bi ti f th di tthe interaction responsible for superconductivity was a combination  of the direct  
screened Coulomb interaction and the screened electron-phonon induced interaction.
*Pauli’s reaction—during and after my talk



The immediate impact of BCS: 
from early Feb to May 1957, in Princetonfrom early Feb to May 1957, in Princeton
*News of the breakthrough arrived in early February in 

a letter from John enclosing a dittoed advance copy 
of their PRLof their PRL

*Worked for 3 days with Elihu Abrahams and Philippe 
Nozières  to flesh out the details

*Was then able to include BCS as part of my spring 
semester Princeton University  graduate course on 
the quantum theory of solids and to invite Bardeenthe quantum theory of solids, and to invite Bardeen 
for a colloquium on the details of BCS 

*As part of my course, I explored whether the Bardeen-
Pi i t ti ld l i th M tthi lPines interaction  could explain the Matthias rules 
for the occurrence of superconductivity in the 
periodic system, and found that it could.





The behavior of Tc as a function of Z (after Matthias c (
[B. Matthias, in Progress in Low Temperature Physics, ed. 
C.J. Gorter {North-Holland, Amsterdam, 1957}, Vol. 2]).





The critical rs for superconductivity as a function of Z*. 
The superconducting elements are denoted by +; the 
nonsuperconducting elements by •.



BCS in Copenhagen: Summer 1957BCS in Copenhagen: Summer 1957

*Arrival at NBI in early June 1957,Arrival at NBI in early June 1957, 
for 3 months

*Invited to give lectures on BCSInvited to give lectures on BCS
*Warning about potential N. Bohr reaction
*DP first lecture
* Nuclear Superconductivity Nuclear Superconductivity 











John Bardeen’s Bottom-up, Experiment- based Approach to 
Theoretical Physics:  BCS as a worked example

*Focus first on the experimental results via reading and 
personal contact

*Develop a phenomenological description that ties different p p g p
experimental results together 

*Explore alternative physical pictures and mathematical 
descriptions without becoming wedded to any particular one

*Thermodynamic and other macroscopic arguments have 
precedence over microscopic calculations

*Focus on physical understanding, not mathematical elegance, 
and use the simplest possible mathematical description

*Keep up with new developments in theoretical  techniques—
for one of these may prove useful

* f*Decide on a model Hamiltonian or wave-function as the 
penultimate, not the first, step toward a solution

*Choose the right collaborators
*DON’T GIVE UP S i h h bl il i i l d*DON’T GIVE UP: Stay with the problem until it is solved 



Question: Would BCS have ever come to pass 
if John had stayed at Bell Labs or gone 
anywhere other than UIUC?


